Introduction
Many reports 1 claimed that when the tris(2,2′-bipyridine)ruthenium(III) cation ([Ru(bpy)3] 3+ ) react with a reducing compound, such as hydrazine, 2 oxalic acid, 3, 4 thioureas, 5, 6 active methylenes, 7 or aliphatic tertiary amine, 8, 9 chemiluminescence (CL) is observed with a peak at approximately 610 nm 2 . In 1987, Noffsinger and Danielson published a significant number of reports in which this CL of [Ru(bpy) 3] 3+ as a detection system in flow injection analysis (FIA) 8 and high-performance liquid chomatogaraphy (HPLC) 9 was applicable for the detection of the aliphatic tertiary amine.
Various detection methods for amine compounds have been developed, because they are important in many fields. Because these amine compounds have primary, secondary and tertiary amine moieties in these structures, various detection methods corresponding to them have been needed. The number of detection methods for primary amine compounds has been large compared with that for secondary amine compounds. In 1957 Rosen reported that primary amine reacted with ninhydrin to form a purple compound; this color reaction was applied for the detection system of an amino acid analyzer. 10 Chon and Lyle reported on the reaction of o-phtalaldehyde (OPA) with glutathione under an alkaline condition. 11 Subsequently, Roth reported that all primary amines and NH3 were derivatized by an OPA reagent including 2-mercaptoethanol which was monitored with a fluorescence detector. 12 The OPA reaction was used as a fast, sensitivity and simple method for routine assays. HPLC using the reaction for detecting amino acid and NH3 was developed. 12 The detection methods for secondary amine compounds are complicated compared with that for the primary amine compound. For example, the detection method of a secondary amine compound was based on oxidative scission to the primary amine compound, followed by detection using the OPA fluorescence method. 13, 14 These methods do not seem to be suitable for routine assays. Tertiary amine compounds cannot be detected by the derivatization method, because of lacking of hydrogen atom on its nitrogen atom. The detection method of a tertiary amine compound based on the CL of [Ru(bpy)3] 3+ is described above.
In 1994, Saurina and Hernandez-Cassou reported on a simultaneous detection system of primary and secondary amine based on postcolumn derivatization using 1,2-naphthoquinone-4-sulfonate. 15 However, an applicable simultaneous detection system of primary, secondary and tertiary amine has not been reported. We attempted to develop a simultaneous detection method. A simultaneous detection method has not seemed to be developed, with the exception of a conductivity method associated with ion exchange chromatography. 16 Because CL of [Ru(bpy)3] 3+ that react with primary or secondary amine compounds is weak, 8, 9 this CL method is not suitable for the simultaneous detection of these amines. The presented detection method is based on an on-line derivatization in which monoetanolamine (MEA) and diethanolamine (DEA) can be converted to tertiary amine compounds. It should therefore be expected that the reactor followed by CL is usable as a detection system for HPLC, which is applicable for the simultaneous determination of MEA, DEA and triethanolamine (TEA). In this paper we propose a new postcolumn detection method for compounds having primary, secondary, and tertiary amine moieties. The primary and secondary amine are delivatized by a reaction with epichlorohydrin having an epoxy moiety in a reaction coil to yield a tertiary amine with subsequent chemiluminescence detection using [Ru ( complex used in this work was prepared by a reported method. 17 Analytical-reagent grade chemicals were used throughout. Epichlorohydrin (1-chloro-2,3-epoxypropane) was used as a derivatization reagent, and [Ru(bpy)3]Cl2 solution was used as a CL reagent.
Experimental

Chemicals
Apparatus
The HPLC system ( Fig. 1 ) consisted of three pumps (NP-FX, Nihon Seimitsu Kagaku Co., Ltd., Tokyo, Japan), an injector with a 20 µL-loop (Rheodyne valve 7125, Rheodyne Co., CA, USA), a column (TSK-Gel SP-5PW, 7.6 × 75 mm, Tosoh Co. Inc., Tokyo, Japan), a column oven (TU-300, Jasco Co., Inc., Tokyo, Japan), a reaction coil, an electrochemical cell (HX-201, Hokuto Denko Co., Tokyo, Japan), a CL detector (CL-2027 plus, Jasco Co., Inc., Tokyo, Japan) and a data processor. The reaction coil was made of a knitted PTFE tube. The effluent from the column was mixed with epichlorohydrin, and the mixed solution was heated for approximately 7.5 min during passage through the reaction coil in a water bath. An on-line electrochemical cell was used to continuously deliver [Ru(bpy)3] 3+ .
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Conversion efficiency
The conversion efficiencies of MEA and DEA to tertiary amines were examined by a batch method. A mixed solution compound of one volume of epichlorohydrin reagent and one volume of the DEA solution was poured into a vessel with a stopper, and sunk in the water bath at 80˚C. The derivatization reagent was stopped by an acidic condition using hydrochloride. The reaction solution was then injected to the system, proposed in this paper. For examining the reaction of MEA with epichlorohydrin, same procedure was carried out.
Preparation of real sample
A purchased virgin shaving cream was used for real sample preparation. After 1.5 g of shaving cream was dissolved in 500 mL of ethanol, the solution without any further pretreatment was used as a sample solution to be injected from an injector.
Results and Discussion
In order to examine suitable conditions for detection, preliminary experiments were performed by a FIA prepared from the HPLC shown in Fig. 1 without a column.
On-line derivatization
The effects of the concentration of epichlorohydrin, the reaction time and the reaction temperature, for derivatization were examined concerning the signal-to-noise ratio (S/N) of the MEA, DEA and TEA used as samples. The S/Ns of MEA and DEA increased with increase of the concentration of epichlorohydrin between 0 and 750 mM. Over 750 mM, the S/Ns decreased slightly (Fig. 2) . The S/N of TEA gradually decreased along with an increase of the epichlorohydrin concentration. This decrease implied that a quaternary amine compound had been produced by the "over-reaction" of TEA with epichlorohydrin. Similar decreases at the "over-reaction" areas of the time and temperature can be seen in Figs. 3 and 4 , described below. Figure 3 shows the effect of the derivatizing reaction time on the S/N ratios of MEA. The maximum S/N of DEA was obtained at 7.5 min. The S/N of MEA monotonously increased with an increase of the time, whereas that of TEA decreased. Figure 4 shows the effect of derivatizing reaction temperature on the S/Ns. The S/N of TEA was constant between 30 and 80˚C. Also, the S/Ns of MEA and DEA increased with an increase of the temperature. The S/N of MEA was bigger than that of TEA at 80˚C, because the structure of the tertiary Fig. 1 and the text. MEA, monoethanolamine; DEA, diethanolamine; TEA, triethanolamine; S/N, signal-to-noise ratio. Fig. 3 Effect of the derivatizing reaction time on S/N. The FIA conditions are described in Fig. 1 3+ oxidation. To improve the sensitivity of the present method, the formation of quaternary amine would be depressed in the reaction coil.
Though epichlorohydrin is always mixed with a Ru complex reagent in the proposed postcolumn system, an increase of the background noise generated from the Ru complex was not confirmed, because it did not react on epichlorohydrin with CL.
Conversion efficiency
The conversion efficiencies of MEA and DEA to tertiary amine by epichlorohydrin were investigated using a batch method. However, the conversion efficiency was not measured rigorously, because the generation of two kinds of tertiary amine (1-amino-2-ol type and 2-amino-1-ol type) and several kinds of quaternary amine. Therefore, the exact conversion efficiency could not be obtained in this work. An observation of the formation of tertiary amine was not adapted, and the decrease of the starting amine was measured by the HPLC presented in this paper. The conversion efficiencies of MEA and DEA were approximately 40 and 50%, respectively. The formation of quaternary amine from the reaction of TEA with epicholohydrin has not yet been confirmed.
At an early stage of this study, we examined the reaction rates of several epoxy compounds with amines. After that, we found that a comparison of the reaction rate of epoxy compounds with amine was reported, 19, 20 in which the rate of epichlorohydrin was observed to be 50-times as rapid as that of alkyle epoxyides including no chlorine atom. Although fluorohydrin might be more desirable than epichlorohydrin, the former was very expensive and the latter was not in contrast. Considering the problem practically, epichlorohydrin was used.
Real sample
To confirm the applicability of the proposed system, a shaving cream that included ethanolamines was chromatographed. DEA and TEA were additives to the shaving cream, which included other compounds, such as glycerine and stearic acid. However, because these additives contained no nitrogen atom in the structure, so these non-amine type additives could not be detected by the proposed method. Figure 5 shows a chromatogram of the shaving cream. The first and second peaks correspond to TEA and DEA, respectively. To confirm availability of the proposed system for the simultaneous detection of various amine compounds, 2 nmol of MEA was spiked to a real sample. The third peak in Fig. 6 corresponds to the MEA.
The liners of the calibration curve of MEA, DEA and TEA by the proposed method were 0.02 -1.0 nmol (r 2 = 0.9986), 0.02 -0.5 nmol (r 2 = 0.9993) and 0.1 -1.0 nmol (r 2 = 0.9482), respectively. Also, the detection limits (S/N = 3) of MEA, DEA and TEA were 30, 25 and 40 pmol, respectively. The relative standard deviations of MEA, DEA and TEA were 8.2, 5.7 and 4.0%, respectively. These recovery rates were between 93 and 98%. The amounts of DEA and TEA in the shaving cream were calculated from these calibration curves.
Conclusions
The present paper reports that MEA and DEA, which can be derived to tertiary amine by the reaction of epichlorohydrin in a 499 ANALYTICAL SCIENCES MAY 2005, VOL. 21 Fig. 4 Effect of derivatizing reaction temperature on S/N. The FIA conditions are described in Fig. 1 and the text. postcolumn reactor, permit CL detection using the [Ru(bpy)3] 3+ . The simultaneous determination of MEA, DEA, and TEA by HPLC combined with this reported system was achieved. This method can be expected to be applicable for the simultaneous determinations of primary, secondary and tertiary amine. Further, to determine a secondary amine, this method works well both in the flow-injection mode and when interfaced with an HPLC instrument.
Preliminary experiments have shown the method to possess several advantages: precolumn derivatization is not necessary; the eluent and reagent are both aqueous, except for ethanol; a variety of aliphatic amines can be detected; and commercially available reagents can be used.
